Synergy between erythropoietin and stem cell factor during erythropoiesis can be quantitatively described without co-signaling effects.
Synergistic interactions between cytokines underlie developmental processes fundamental to tissue and cellular engineering. However, a mechanistic understanding of the cell-specific and population-mediated effects is often lacking. In this study, we have investigated the synergistic generation of erythroid cells in response to erythropoietin (EPO) and stem cell factor (SCF). We have used a quantitative approach to determine if the effects of EPO and SCF superpose in a supra-additive fashion on the cell proliferation rate or on the death rate, suggesting a contribution from a joint cytokine effect (co-signaling). Primary mouse bone marrow hematopoietic cells and the stem cell-like FDCP-mix cell line were used to investigate the effects of EPO and SCF (individually or in combination) on erythroid output. Carboxyfluorescein diacetate succinimidyl ester (CFSE)-based cell-division tracking and mathematical modeling were used to measure cell type-specific proliferation and death rates. We observed a significant synergistic effect of EPO and SCF on the net generation of benzidine positive (erythroid) colony-forming cells, CD71++ (early erythroblasts) cells and TER-119+ (late erythroblasts and reticulocytes) cells in culture. When the observed increases in cell number were decomposed into proliferation and death rates, the cytokines were shown to act independently at different stages of erythroid development; SCF promoted the early proliferation of primitive cells, while EPO primarily promoted the survival of differentiating erythroid progenitor cells. Our analysis demonstrates that EPO and SCF have distinct and predominantly sequential effects on erythroid differentiation. This study emphasizes the necessity to separate proliferation rates from death rates to understand apparent cytokine synergies.